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NATIONAL ADVISORY COMMITTEE FOR AERONAUIICS 

RESEARCHMEMORANDUM 

for the 

U. S. Air Force 

STATIC STABILITY AND CONTROL CHARACTERISTICS OF A 

o.o4956-scALF: MODEL OF THE CONVAIR F-102A 

AIRPLANE AT TRANSONIC SPEEDS 

By Walter B. O&tad and Robert S.. Osborne 

The effects of elevator deflections from O" to -loo on the force and 
moment characteristics of a 0.04956-scale,model of the Convair F-102A air- 
plane have been determined at Mach numbers from 0.60 to 1.135 for angles 
of attack up to 20' in the Langley 8-foot transonic tunne.1. The model 
was tested with a plane wing to,indicate the effects of wing leading-edge 
csmber and deflected tips. In addition, the basic model was'tested at 
sngles of sideslip from -10' to 4O at an angle of attack of 2.20. 

The results indicated that the configuration was longitudinally 
stable for all conditions tested; however, a possible mild pitch-up tend- 
ency was indicated for a lift coefficient of about 0.6 at a Mach number 
of 0.60. Elevator pitch and lift effectiveness decreased rapidly at Mach 
numbers above 0.90, but no complete loss or reversal was indicated for 
lift coefficients up to at least 9.7.. Wing and body modifications have, 
resulted in an increase in maximum trimmed lift-&ag ratio of slightly 
more than l.O'for the F-102A over that for, the original F-102, and the 
drag for trimmed level flight has been substantially reduced for medium 
and high altitudes. At the low angle of attack tested, the configuration 
had approximately neutral effective dihedral and positive directional sta- 
bility through the !.lach number range. 

INTRODUCTION 

At the request of the U. S. Air Force, approximately l/20-scale models 
of various configurations of the Convair F-102 airplane have been tested 
at transcnic speeds in the Langley 8-foot transonic tunnel to determine 
their stability, control, and performance characteristics. 
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Previous investigations of the original F-102 configuration (refs. 1 
and 2) indicated that the wave drag, drag due to lift, and trim drag 
should be appreciably reduced in order to improve its medium- and high- 
altitude performance. In order to reduce the wave drag, the fuselage 
was lengthened and indented as prescribed by the supersonic area rule to 
give a smooth total area distribution at a design Mach number of 1.2 
(refs. 3 and 4). The drag due to lift was improved by cambering the wing 
leading edge (ref. 5), and the trim drag was decreased by deflecting the 
trailing edge of the wing tips upward loo about the elevator hinge line :/ 
extended (ref. 5). Upon assemblage of these various modifications into ,: 
the F-102A configuration, it was found that the original fence configura- 
tion was no longer suitable for alleviating the moderate-lift pitch-up 
tendency (ref. 6), and a new arrangement of chordwise fences was deter- 
mined from the results of reference 7. 

A 0.04956-scale model of this later F-102A configuration was then 
tested to determine the effects of elevator deflections from O" to -loo 
on the force and moment characteristics for Mach numbers from 0.6 to 1.135 
and angles of attack up to 20'. Tests were also made through the same Mach 
number range for angles of sideslip from -loo to 4O at an angle of attack 
of 2.20. In addition, in order to indicate the effects of wing leading- 
edge camber and deflected tips, the model was tested with a plane 600 delta 
wing at,angles of attack up to 12O. The results are presented herein. 
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SYMBOLS 

wing span, in. 

drag coefficient, D/G 

drag coefficient at zero lift 

drag-due-to-lift factor, averaged from CL = 0 to CL = 0.3 

lift coefficient, L/qS 

lift coefficient for maximum lift-drag ratio 

lift-curve slope per degree, averaged from a = O" over 
linear portion of curve 
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lift effectiveness parameter at constant angle of attack 

CZ 

c2P 

rolling-moment coefficient, MX qSb 
4 

3C2 
effective dihedral parameter, -, per deg 

33 

cm 

@n 
sz' 

acrn 
'as 

pitching-moment coefficient, hk/qSE .' 

static longitudinal stability parameter 

pitch-effectiveness parsmeter averaged at constant lift 
coefficient 

cn 

CnP 

yawing-moment coefficient, 

ah 
static directional stability parameter, -, per deg 

ap 

% 

CYp 

lateral-force coefficient, Y/qS 

la-i&al-force derivative, a% 
-, per deg 
aP 

c wing mean aerodynamic chord, in. 

D drag, lb 

L lift, lb 

(L/D) ma maximum lift-drag ratio 

I+1 

Mxs' 

1% 

M ZS 

free-stream Mach number 

moment about &-axis, in-lb (see fig. 2) 

moment about Y-axis, in-lb (see fig. 2) 

moment about Zs-axis, in-lb (see fig. 2) 
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9 free-stream dynamic pressure, lb/sq ft 

R Reynolds number 

S total wing area, sq ft 

Y 

a 

lateral force, lb 

angle of attack of wing chord line with no leading-edge 
camber, deg 

P angle of sideslip, deg 

6 '. elevator deflection measured at right angles to hinge 
,line and positive when trailing edge is down, deg 

APPARATUS AND TESTS 

Tunnel 

The tests were conducted in the Langley 8-foot transonic tunnel, 
which is a dodecagonal, slotted-throat, single-return tunnel designed to 
obtain aerodynamic data through the 'speed of sound while minimizing the 
usual effects of choking and blockage. The tunnel operates at approxi- " 
mately atmospheric stagnation pressures. A description of test-section 
design and flow uniformity is available in references 8 and 9. 

Model 

The 0.04956-scale model of the Convair F-102A airplane used in this 
investigation was supplied by the contractor. Dimensional details of the 
model are presented.in figure 1 and table I. 

The basic F-102A wing was derived from'a plane 600 delta wing with 
modified NACA 0004-65 streamwise airfoil sections (see ref. 1) by extending 
the leading edge approximately 4.1 percent of the mean aerodynamic chord, 
which increased the leading-edge sweep angle to 60.140, and conically 
cambering the outboard 6.37 percent of the local semispan for a design 
lift coefficient of 0.15 at a Mach number of approximately 1.0 (see ref. 5). 
The trailing edges of the wing tips outboard of the 82-percent-semispan 
station were deflected upward 10' about the elevator hinge line extended. 
The wing was constructed with a steel core covered by a tin-bismuth sur- 
face. Aluminum-alloy leading edges and steel tips were removable, which 
allowed the F-102A model to be tested with plane uncambered leading edges 
and undeflected tips (hereinafter referred to as the plane wing). 
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N A C A  R M  ~ ~ 5 6 ~ 2 4  5  

Ins ta l led o n  th e  bas ic  ( c a m b e r e d )  w ing  w e r e  two sets o f cho rdw ise  
fences . Uppe r - su r fa c e  fences  ex tend ing  f rom 1 .8  to  3 3  p e r c e n t o f th e  
loca l  c h o r d  w e r e  loca ted  a t th e  3 5 - p e r c e n t -semispan  sta tio n , ,a n d  w r a p -  
a r o u n d  fences  ex tend ing  f rom 2 2 .7  p e r c e n t o f th e  loca l  c h o r d  o n  th e  l ower  
sur face a r o u n d  th e  l e a d i n g  e d g e  to  6 7  p e r c e n t o f th e  c h o r d  o n th e  u p p e r  
sur face w e r e  loca ted  a t th e  6 6 - p e r c e n t -semispan  sta tio n . O n  th e  p l a n e  
w ing  a n d  loca ted  a t th e  6 6 - p e r c e n t -semispan  sta tio n  w e r e  cho rdw ise  fences  
ex tend ing  f rom th e  l e a d i n g  e d g e  a l o n g  th e  u p p e r  sur face to  8 0  p e r c e n t o f 
th e  loca l  c h o r d . 

T h e  fu s e l a g e  was  e q u i p p e d  wi th r a m  inlets wh ich  w e r e  c losed  fo r  th e s e  
tests by  m e a n s  o f fa i r ed  p lugs  ( see  fig . 1 ) . T h e  fu s e l a g e  was  d e s i g n e d  
us ing  th e  superson ic  a rea - ru l e  c o n c e p t a n d  was  i n d e n te d  fo r  th e  w ing  a n d  
tai l ' in o r d e r  to  g ive  a  favo rab le  to ta l  a r e a  d is t r ibut ion a t a  des i gn  
M a c h  n u m b e r  o f 1 .2 . A d d i tio n a l  d e tai ls o f th e  w ing  a n d  fu s e l a g e  inc lud ing  
cross-sect ional  a r e a  d ist r ibut ions a r e  p r e s e n te d  in  r e fe r e n c e  6 . 

T h e  vert ical  ta i l  h a d  a  6 0 ~  s w e p tback  l e a d i n g  e d g e , a  5 O  s w e p tfo r -  
w a r d  t ra i l ing e d g e , a n d  u s e d  N A C A  0 0 0 4 - 6 5  ( m o d .) s t reamwise  air foi l  sec-  
tio n s . A  fla t -p late a n te n n a  was  loca ted  just a b o v e  th e  r u d d e r . 

T h e  & o n fig u r a ti.o n  h a d  n o  hor izonta l  tail. T h e  e levators  w e r e 'w ing 
t ra i l i ng -edge  fla p s  d e flec ted  a b o u t h i n g e  l ines pe rpend i cu l a r  to  th e  m o d e l 
.ce n tkr l ine. T h e  g a p  a h e a d  o f th e  h i n g e  l ine  was  sea led . T h e  to ta l  e le -  
vator  a r e a  r e a r w a r d  o f th e  h i n g e  l ine  was  9 .7  p e r c e n t o f th e  to ta l ,w ing 
a r e a . 

M o d e l S u p p o r t Sys tem 

T h e  m o d e l was  a tta c h e d  to  a  stin g  s u p p o r t th r o u g h  a n  electr ical  six- 
c o m p o n e n t s t ra in -gage  b a l a n c e  loca ted  ins ide  th e  fu s e l a g e . T h e  stin g  sup -  
p o r t was  cyl indr ical  fo r  2 .8  b a s e  d i a m e ters  d o w n s t ream o f th e  m o d e l b a s e  
a n d  was  fixe d  o n  th e  tu n n e l  axis by  two sets o f struts p ro jec t ing  f rom 
th e  tu n n e l  wal ls. A n g l e d  coup l ings  in  th e  stin g  w e r e  e m p loyed ' to  m a inta in  
th e  m o d e l pos i t ion  n e a r  th e  tu n n e l  c e n te r  l ine  a t al l  ang les  o f, a ttack. 

M e a s u r e m e n ts a n d  Accuracy  i 

M o d e l fo rces  a n d  m o m e n ts w e r e  m e a s u r e d  by  a  s i x - componen t in terna l  
s t ra in -gage  b a l a n c e  a n d  conver ted  to  lift, d r a g , p i tch ing m o m e n t, la tera l  
force,  yaw ing  m o m e n t, a n d  ro l l ing  m o m e n t 'a b o u t stabi l i ty axes  ( see  fig ."2)  
o r ig ina t ing  a t a  c e n te r - o f-gravity locat ion a t 2 9 .6  p e r c e n t o f th e  w ing  
m e a n  a e r o d y n a m i c  c h o r d  ( 2 7 .5  p e r c e n t fo r  th e  p l a n e  w ing )  a n d  4 .5  p e r c e n t 
o f th e  m e a n  a e r o d y n a m i c  c h o r d  a b o v e  th e  w ing  c h o r d  p l a n e . Accurac ies  o f 
th e  c o e fficie n ts a r e  es t imated to  b e  wi th in th e  fo l l ow ing  lim its: 

--  
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CL. . . . . . . . . . . . . . . . . . . . . . f0.005throughC~range 
. CD. . . . . . . . . . . . . . . . . . . . . . +O.OOlthroughCB=0.4 

. C,. . . . . . . . . . . . . . . . i . . . . . +O.OO1tbroughCLrange 
/' 'CZ..................... W.0002 through CL range 
,. 
i- Cn.. .  l .  .  l .  l me .  l we. .  .  .  .  l +0.0003 through CL range 
i'. 7, 

;:. 
Cy . . . . . . . . . . . . . . . . . . . . . . ?O.O02tbroughC~range 

The angles of attack snd sideslip were determined to within L-0.15' 
by a pendulum-type inclinometer located in the sting support and from a 
calibration of sting and balance deflection with respect to model load. 

1 : Elevator control deflections are estimated to be accurate within,+-0.2'. 
f;' 
./ 

1.: 
The Mach number was determined to within 0.003 from a calibration 

,) $ith respect to test chamber pressure. Base pressures used to adjust 
.i! 

1, 
the drag data were obtained from an orifice located inside the model 

\: : ;,: 2 inches forward of the plane of the base. Base pressure coefficients 
:I 
i 

I 

for the configuration with controls undeflected are available in 
' I ,' reference 7. 
/' .' 

f. 
r: Tests 

The basic model was tested at Mach numbers from 0.6 to,l.i35 at 
angles of attack from O" to approximately 20' with elevator deflections 
02 o", -2.50, -5.00, -7.5O, and -10.0~. At the higherMach numbers, the 
maximum attainable angle of attack was reduced to less than 20° by tunnel 
power and balance limitations., The model with elevators undeflected was 
also tested through the same Mach number range at angles of sideslip from 
-loo to 4' at a constant angle of attack of 2.2O with and without the 
vertical tail. The plane-wing configuration with elevators undeflected 
was tested through the Mach number range at angles of attack from Oo to 
about 12'. All tests were made with the inlets faired,closed. 

', 
The average test Reync$lds number based on the wing mean aerodynamic 

chord varied from 4.0 x 10 to 4.8 x 106 over the Mach number range 
(fig. 3). 

Corrections ' 

Subsonic boundary interference is minimized by the slotted test 
section, and no corrections for this interference have been applied. The 
effects of supersonic boundary-reflected disturbances were reduced by 
testing the model several inches from the tunnel center line. However, 
it is possible that these disturbances caused small errors in the drag 
and pitching-moment measurements at Mach numbers of 1.075 and 1.135. It 

- 
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is believed, however, that these errors would have little effect upon the 
majority of the faired data plotted against Mach number in the summary 
and analysis plots and that indicated trends are independent of boundary- 
reflected disturbances. 

No corrections for sting interference have been applied, The drag 
data have been adjusted to an assumed condition of free-stream static 
pressure acting over the model base. 

FUWJLTS 

All data presented herein are for a ,condition with the air inlets 
faired closed. However, a comparison between the present data for the 
basic configuration with controls undeflected and unpublished data obtained 
on the same model with a slightly different fence arrangement but with the 
inlets open. and operating at inlet mass-flow ratios from 0.75 to 0.85 indi- 
cated drag coefficient agreement within approximately 0.001 over the lift 
and Mach number range tested. 

The longitudinal characteristics of the basic model with various ele- 
vator deflections are presented as a function of lift coefficient at con- 
stant Mach number in figtie 4. The lift coefficients required for level 
flight of the F-102A airplane at a combat wing loading of 36 lb/sq f-t for 
altitudes from sea level to 60,000 feet are presented in figure 5. These -' 
flight conditions are the basis for a summary.and brief analysis of the 
longitudinal characteristics presented in figures 6 to 12. 

A comparison of the trimmed drag characteristics for the present 
F-102A configuration with those for the original F-102 model as reported 
in reference 2 is shown in figures 13 and.14. Because of model scale 
deviations, a small drag correction has been applied to the data of ref- 
erence 2. Details of this correction are available in reference 5. 

The longitudinal characteristics of the plane-wing and the basic or 
dsmbered-wing configurations are compared as a function of lift coeffi- 
cient in figure 15. The coeffi+.ents are based on the actual wing area 
of each configuration. 

The variation of rolling-moment, yawing-moment, lateral-force, lift, 
drag, and pitching-moment coefficients with angle of sideslip at constant 
Mach number for an angle of attack of 2.2O is presented.in figures 16 
to 19 for the basic configuration with and without the vertical tail. 

,'Lateral-directional stability characteristics are summar ized as a function 
of Mach number in figure 20. The values were obtained by taking an average 
slope over the linear portions of the curves through p = 0'. 
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DISCUSSION 

Longitudinal Characteristics 

Static longitudinal stability.- The basic F-102A configuration 
exhibited static longitudinal stability for all elevator deflections 
tested throughout the investigated lift coefficient and Mach number range 
(fig. 4). The decrease in static margin to near neutral stability at a 
trim lift coefficient of about 0.6 at a Mach number of 0.60 (fig. 4(a)) 
indicated the possibility of mild pitch-up in this region; however, the 
tendency was not apparent at Mach numbers of 0.85 and above, and it gen- 
erally appeared that the chordwise fences installed on the wing had been 
effective in alleviating the severe moderate-lift pitch-up tendency indi- 
cated for the configuration without fences in reference 7. The rapid 
decrease.in pitching moment beginning at a lift coefficient of approxi- 
mately 0.7 for the larger elevator deflection cases at Mach numbers of 
0.85 and 0.90 (figs. 4(b) and 4(c)) can be associated with the wing stall 
indicated by the lift curves to have occurred at an angle of 'attack of 
about 20°. 

The values .of the static longitudinal stability parameter &,/&L 
taken at lift coefficients for trimmed level flight for altitudes from 
20,000 feet to 60,000 feet varied from about -0.06 at a Mach number of 
o&60 to approximately -0.18 at Mach numbers above 1.0 (fig. 6), indica- 
ting a rearward shift in aerodynamic-center location of about 12 percent 
of the mean aerodynamic chord. It should be noted that this shift in 
the aerodynamic-center location was rather irregular for Mach numbers 
from 0.90 to 1.023 and caution should be exercised in this region. The 
effects of increasing altitude on the parameter were generally small. 

Elevator pitch effectiveness.- Positive elevator effectiveness was 
indicated through the Mach number range tested for lift coefficients up 
to at least 0.7 (fig. 4). In this range, elevator effectiveness at a 
given Mach number was generally constant for the deflection angles tested, 
except that at Mach numbers from about 0.85 to 0.95 some decrease was 
indicated with a change in control deflection from -7.5O to -loo. The 
average value of the elevator pitch effectiveness parameter. aCm/& 
taken at constant lift coefficients from 0 to 0.5 at Cm= 0 reached a 
maximum of'-0.0084 at a Mach number of 0.923 and then decreased rapidly 
to LO.0034 at a Mach number of 1.135' Y a decrease of approximately 60 per- 
cent (see fig. 6),. 

Trim elevator settings.- Elevator deflections required for trimmed 
level flight at several altitudes for a wing loading of 36 lb/sq ft are 
presented in figure 7. The up elevator required decreased steadily with 
increases in Mach number from 0.6 to 0.923. Rapid increases in up ele- 
vator, an indication of control-position instability, were required at 

- 
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. 
altitude at Mach numbers above.O.925. These effects were magnified with 
increasing altitude, as would be expected. The data for the Mach num- 
bers of 1.075 and 1.155 may have been affected somewhat by the presence 

. of boundary-reflected disturbances on the rear of the model. 

Lift-curve slopes.- The lift curves for the various elevator angles 
at constant Mach number were generally linear for angles of attack up to 
12O or 16O (fig. 4). The,lift-curve slope averaged over the linear por- 
tion of the curve varied from -0.046 to 0.058 for the OO elevator case 
(fig. 8). With ticreases in elevator deflection, minor increases in 
average lift-curve slope were indicated at Mach numbers above 0.95 (fig. 4). 

Trimming the configuration reduced the untrimmed (6 = O") lift-curve 
slope by 15 to 25 percent. This large loss is a result of the,type of 
longitudinal control used. The trailing-edge flap type of elevators have 
a relatively short effective tail length and, therefore, require large 
areas and deflections in order to produce the necessary longitudinal 
balancing moments. Consequently, when the elevators are deflected trailing 
edge up, the lift at a given angle of attack is substantially reduced. 
This loss in lift due to trimming the configuration is not quite so severe 
for the current model as it was for the F-102 (ref. 2) because of the 
deflected wing tips which. reduces the out-of-trim pitching moment. 

Elevator lift effectiveness.- The ,elevator lift effectiveness param- -- - . 
eter % at constant angle of attack decreased from 0.019 at a Mach num- 

ber of 0.9 to 0.0125 for Mach numbers above 0.975 (fig. 8). These values 
are applicable to and have been averaged over an angle-of-attack range 
from O" to 8’ for elevator deflections from O" to -loo. 

Drag characteristics.,- The ,zero-lift transonic drag rise for the 
configuration with controls undeflected began at a Mach number of about 
0.91 (fig. 9). The,magnitude of the drag rise was approximately 0.015 
between the Mach numbers of 0.90 and 1.075. 

For the zer,o elevator'condition the drag-due-to-lift factor &D/&L2, 

averaged over a lift-coefficient range from 0 to 0.3, remained essentially 
constant,at 0.24 over the Mach number range tested (fig. 9). This repre- 
sents an approximate T-percent decrease in drag-due-to-lift factor for 
the F-102A model as compared with that of the F-102 (ref. 2). A compari- 
son of the drag-due-to-lift factor for the F-102A with theoretical com- 
putations for full leading-edge suction and no'leading-edge suction indi- 
cated that approximately 55 percent full leading-edge suction was being 
realized. 

A comparison of the lift-drag polsrs for the zero-elevator deflec- 
tion case with those for trimmed conditions (fig. 10) indicated a size- 
able penalty in drag at lift coefficients above 0.2 due to trimming the 
configuration. However, a comparison of the increment due to trimming 
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of the drag-due-to-lift factor for the F-1023 (fig. 9) and the F-102 
(ref. 2) indicated a reduction in this increment for the F-102A of the 
order of 60 to 70 percent throughout the Mach number range. This saving 
in trim drag is largely a result of the deflected wing tips on the F-1023 
which effectively increased the elevator area and thereby reduced the ele- 
vator deflection required for trimmed level flight. 

Lift-drag ratios.- The maximum lift-drag ratio for the configuration 
with elevators undeflected decreased from approximately 10.0 at a Mach 
number of 0.6 to approximately 6.0 at Mach numbers above 1.0 (fig. 11). 
The lift coefficient for maximum lift-drag ratio increased from approxi- 
mately 0.22 at a Mach number of 0.6 to 0.32 at a Mach number of 1.075. 
Trimming ,the configuration had little effect upon the maximum lift-drag 
ratio at subcritical speeds, but reduced the maximum lift-drag ratio by 
approximately 1.0 for Mach numbers above 1.0. 

A comparison of the lift-drag ratios for trimmed level flight at 
several altitudes with the maximum possible trimmed lift-drag ratios is 
presented in figure 12. This comparison illustrates the need for sn 
increase in altitude for most efficient flight with increasing Mach number. 

Drag comparison with F-102.- The drag values for trimmed level flight 
at several altitudes have been broken down into several components in order 
to show their relative importance for various flight conditions (fig. 13). 
The first component, zero-lift drag, has been taken as the drag at zero- 
lift coefficient for the configuration with elevators undeflected and con- 
sists of the skin-friction drag and the minimm wave drag. The drag-due- 
to-lift component is the difference between the zero-lift drag and the 
drag at the lift coefficient required with the elevators undeflected. 
This component is a function of wing characteristics such as aspect ratio 
and camber. The leading edge of the basic F-102A wing has been cambered 
in order to realize a greater percentage of full leading-edge suction and 
thereby reduce this drag-due-to-lift component of drag. The final com- 
ponent, trim drag, is that increment in drag caused by trimming the con- 
figuration from the zero elevator condition. It depends upon the type of 
control, control effectiveness, and magnitude of the out-of-trim pitching 
moments. 

A comparison of,the total drag at trimmed level flight for the F-102A 
and the F-102 of reference 2 is also presented in figure 13. This shows 
a reduction in the drag of the F-1023 from that of the F-102 amounting to 
approximately li to 24 percent over the Mach number range of 0.85 to 1.1 
at an altitude of 40,000 feet and approximately 15 to 28 percent at an 
altitude of 60,000 feet. This reduction in drag has been realized through 
a combination cf modifications, namely: body indentation, wing leading- 
edge camber, and wing-tip deflection. 

A compariscn of the drag results of the F-102A with those for the 
F-102 indicated that the modifications to the fuselage and wings have 
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increased the maximum trimmed lift-drag ratio by slightly more than 1.0 
throughout the Mach number range (fig. 14). The F-102A configuration 
shows a higher value of lift coefficient for maximum trimmed lift-drag 
ratio for the Mach numbers tested,indicating that the F-102A is capable 
of its most efficient flight at higher altitudes than the F-102. 

Comparison of basic- and plane-wing configuration.- Data with con- 
trols undeflected for the F-102A model with a plane wing and for the 
model with,the basic cambered wing leading edges and deflected tips are 
compared in figure 15. Cambering the wingleading edge resulted in small 
increases in drag at low lift coefficients through the Mach number range, 
but substantial decreases in drag were realized at lift coefficients above 
about 0.15. Deflecting the wing tips had the beneficial effect of 
increasing the pitching moment at a given lift without changing the slope 
of the pitch curve, the result being a decrease in out-of-trim pitching 
moment at lift coefficients above approximately 0.05. These results con- 
firm those of reference 5. 

Lateral-Directional Characteristics 

Effective dihedral.- The effective dihedral (-CzP) for the configura- 

tion without the vertical tail was slightly negative for an angle of attack 
of 2.2' throughout the Mach number range (figs. 16 and 20): Addition of 
the verti,cal tail contributed a small stabilizing component,to the effec- 
tive dihedral of the configuration, and the value of Czp for the corn- 

plete model varied from approximately zero at Mach numbers below 0.975 
to -0.OOC6 at a Mach number of 1.135. It should be noted, however, that 
the effective dihedral of sweptback wings generally increases with 
increases in angle of attack. (See, for example, ref. 10.) 

Directional stability.- The variations of yawing moment with side- 
slip angle were generally linesrthrough the Mach number range for the 
model with vertical tail on and off (fig. 17) . . The configuration without 
the vertical tail was directionally unstable (fig. 20). .With the addition 
of the vertical taii the configuration became directionally stable and had 
a value Of Cq, of approximately 0.0014 throughout most of the Mach,num- 

ber range. At high angles of, attack the directional stability of the con-, 
figuration would probably decrease substantially and might become nega- 
tive as the vertical tail became 'blanketed by the rather large wing sur- 
face. This loss of vertical tail effectiveness was noted in reference 11. 

The lateral-force derivatives for the confiF;mation with and without 
the vertical tail were only slightly affected by changes in Mach number 
(figs. 18 'and 20). The increment in lateral-force derivative cyP 

due 

to the vertical tail was approximately -0.007 throughout the Mach number 
range. 

7 : 
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Liftsag, and pitching-moment coefficients.- Little effect of side- 
slip angle on the lift and drag coefficients was noted (fig. 19). For 
the-complete model, the trim change appeared to be negligible throughout 
the sideslip angle range investigated. 

CONCLUSIONS 

An investigation of static stability and control characteristics of 
a 0.04%6-scale model of the Convair F-102A airplane at transonic speeds 
indicated the following conclusions: 

1. The configuration exhibited static longitudinal stability for all 
conditions tested; however, a possible mild pitch-up tendency was indi- 
cated at a liftcoefficient of 0.6 and a Mach number of o&60. 

2. A rapid decrease in elevator pitch and lift effectiveness occur- 
red at Mach numbers above 0.90, but no complete loss or reversal was indi- 
cated for lift coefficients up to at least 0.7. 

3. The application of body modifications, wing leading-edge camber, 
and wing-tip deflection has resulted in increasing the maximum trimmed 
lift-drag ratio of the F-102A over that of the F-102 by slightly more 
than 1.0 and has substantially reduced the drag for tr immed level flight 
at medium and high altitudes. 

4. At the low angle of attack tested, the configuration exhibited 
approximately neutral effective dihedral and positive directional stability 
through the Mach number range. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., December 4, 1956. 

Walter Bi O lstad 
Aeronautical Research Engineer 

Robert S. Osborne 
Aeronautical Research Engineer 
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TABLE I 

DIMENSIONS OF A 0.04956-SCALE MODEL OF Tl%E F-102A AIRPLANE 

r-- 
Basic (cambered) wing: 

Airfoil section . . . . Modified NACA 0004-65 with leading-edge,camber 
and wing tips outboard of 0.82b/2 deflected 
upward loo about elevator binge line extended ,* 

Total area, sq ft . . . . . . '. . ; . . . . . . . . . . . . . . 1.709 
,, ;I L :f f 

Aspectratio . . . . . . . . . . . . . . . . . . . . . . . . . 2.1 
Taperratio...i...................... 0 
Incidence, deg . . . . . . . . . . . . . . . . . . . . . . . . 0 
Dihedral,deg . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Elevator area rearwszd of hinge line, sq ft . . . . . . . . . . 0.166 

Plane wing: 
Airfoil section ..... mi ............ Modified NACA 0004-65 
Totalmea,sqft.................; ..... 1.625 
Aspect ratio .. I .. d ............... ; .... 2.2 
Taper ratio .... .' ................. .'. .. 0 
Iucidence, deg ........................ 0 
Dihedral, deg. :? ...................... 0 

Vertical tail: 
Airfoil section ................ Modified NACA 0004-65 
Exposed area, sq ft ...................... 0.1704 
Aspect ratio .... t .................... 1.1 
Taper ratio .... .' ..................... 0 

Fuselage: 
Leugth, in.. ... ; ...................... 34.161 
Frontal area (less canopy), sq ft ............... 0.0826 
Fineness ratio (less canopy) ................. 8.75 
Total base area, sq ft ............ T ....... o .0236 
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Figure,l.- Three-view drawing of a 0.04976~scale model of the Convair F-102A airplane. All 
dimensions in inches unless otherwise noted. 
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F igure 2.- System of stability Fxes. Arrows indicate positive directions. 



-..* :.*;.i, ,;: -: : : :. -. -zeE*;~Jl-~ . . . 

Mach number,M 
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on E = 14.155 inches. 
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Figure i5.- Continued. 
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Figure 15.- Concluded. 



ff 

. . . . . . . . 
g...: . 

. . . . . . . . . 

. . . 

.*.. . 

l .- . . 

). 

‘., 

NACA .RM ~~56~24 42 

- 
* I 

I. 

O~=l.l~K -===7-- k 

H-r 

:Ol 

-10 -a -6 -- L 0 2 4 6 
Angle of sideslip, P,deg 

M 

Fiwe 16.- Variation o$ rolling-moment coefficient with angle of side- 
slip at constant Mach number. a = 2.2O. (Plain symbols indicate 
configxation wii;h tail data; flagged symbols, without tail data.) 
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Figure 17.- Variation of yawing-moment coefficient with angle of sideslip 
at constant Mach, number. a = 2.2O. (Plain symbols indicate configura- 
tion with tail data; flagged symbols, 'without ta,il data.) 
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STATIC STABILITY A&D CONTROL CRARACTEXISTICS OF A. 

o.o4g56-swim MODEL OF THE CONVAIR F-102A 

AIRPLANE AT TRANSONIC SPEEDS 

By Walter B. Olstad and Robert S. Osborne 

,ABSTRACT 

The effects of elevator deflections from 0' to -loo on the force 
and moment characteristics of a 0.04956-scale model of the Convair F-102A 
airplane have been determined-at Mach numbers from 0.60 to 1.135 for angles 
of attack up to 20' in the Langley 8-foot transonic tunnel. The model was 
also tested with a plane wing to'indicate the effects of wing leading-edge 
camber and deflected tips. In addition, the basic model was tested at 
angles of sideslip from -loo to 4O at an angle of attack of 2.2'. 
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